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SUMMARY REPORT

R. W. Brandenburg, D. A. Hyde. B. ]. Campbell

INTRODUCTION

In support of the K-25 Site Facilities Operations, a noudeszuctive assay (NDA} survey was conducted in
Building K-33 at the Qak Ridge K-25 Site w0 locare and quantify residual PNp depasits which may
present a ransuranic handling concern. The NDA Deparmment of the K-25 Site Technical Division
pecformed the “Np measurements during April, May, and June 1993,

Neptunium was introduced into the enrichment cascade along with uranium in the form of reacror returns.
Reactor returns are the wranjtim recovered by chemical procassing of spent reactor fuel. The neptunium
created in the reactor fiel is not completely removed in the processing of the spent fuel and some will
remain in the material fed back into the cascade. Smith' and Bailey® have wrinten reports discussing the
history of reactor remuns feed at the Paducah Gaseous Diffusion Plant (PGDP) and Oak Ridge Gaseous
. Diffusion Plant (ORGDP). Derails in the two reports differ, but in general it can be said that reactor
returns were fed to the ORGDP (now the K-25 Site) at various times from the 1930s through the early
1980s. Virtually all of the returns fed befare 1970 were from plutonium production reactors at Hanford
and Savannah River. After 1969, reactor returns ffom France and England were also fed into the cascade.

'\_/ Poteatially both nepmunium and pluronium were inmoducsd into the cascade in the reactor remums.
Uranium, neptunium, and plutonium all form hexafluoride compounds, bur the stability of the compounds
differs greacly. Upon coatact with the meral walls of the equipment, each of the compounds is reduced
to teraflucride ar other compounds which are not volatile at cascade temperamures and pressures. Uranium
hexafluoride is more stable than either plutonium or nepmnium hexafluoride, Plutonium hexafluoride is
-most readily reduced to plutaninm tegziluoride by contact with metal walls and rarely got farther into the
cascade than the initial feed piping. Neptunium hexafluoride is less readily rednced. While cancesnuated
in the immediate area of the feed points, neptunium spread throughout the cascade,

Bailey" calculated mam\wm reczived at the ORGDP in the form of reactor
returns. A large fractid eptuauum ouiwm remained in the feod~eydind chsvasTIOT Ted

into the cascade, The quantities fed into the cascade are estimared to b
Work performed at PGDP' and ORGDP? showed that neprunium hexafluoride readity reacted With procass
equipment surfaces and uranium compounds in the system and, when reduced, formed compounds that
are not volatile in the range of cascade operating temperanmes. Those compounds were found to be
present as dust on the surfaces of equipment removed from the cascade. These dust particles did not pass
through the barrier tubes, but were transported in the B process scream and tended to collect or settle out
in the stagnant regions. The nepunium-hexafluoride that had not besn reduced gradually worked its way

Toughout the cascade. Sampling' of product and tails cylinders ar the PGDR-has_found only trace
Kimounts of ®Np in the product cylinders and no detestable quantity of ®'Np in tailsc\y[m
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Building K-33 contains eight units with ten cells in each unit. Each cell consists of aight stages conuining
2 size "000" converter and compressor. Bailey® assumed that nearly all of the neprunium that was fed 10
% the cascade was removed when the compressors and converters were exchanged in the cascade
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improvement programs. Measurements show that portions of the neptunium remain in the cascade piping
and equipment. primarily in the B-line vacuum balancers and the reactor rewms feed lines. The NDA
survey indicates that nearly all of the compressor B-line vacuum balancers contain deposiﬁ of neptunium.
The depasits are probably composed of particulate marer that was swept into the vacuum balancars
through the connection to the curved section of the B-line pipe betwesn the conmrol valve and the
compressor. The B-line ptpe connects the B outlet on the converter to the compressor of the previous

'stage. The deposits in the reactor returns feed lines are a result of the reduction of the neptunium
hexafluoride through contact with the pipe walls. .

MEASUREMENT APPROACH

The measurement survey consisted of twa major components: (1) jsotooic manping to identify locations
where neptunium was present o establish the extent of the spread of the neprunium throughout the
building and to establish the ratio of ®"Np to uranium at each location and (2) guantitative measurement
of the uranium contained in the deposits with the highest concsarration of ®Np. The quantity of 3™Np
in each of the quantitatively measured deposits was calculared from the measured quantity of uranium and
the ®'Np-to-uranium ratio. A previously reported survey of Building K-33° displayed the distribution of
detectable ®'Np in the pipe gallery. Figure | illustrates the results of that survey.

{sotopic mapping involves collecting gamma-ray spectra using high-resolution gamma-ray measurement
equipment and analyzing the spe<ta to determine: (1) the ®*U concenrarion in the uranium conrained in
the measured process equipment, (2) the ratio of the mass of ®"Np to the mass of uranium if neprunium
is present, and (3) the presencs of other isotopes which can interfere with quantirative NDA measurements
(e-g., ®*U). The results of the analysis of the spectra collected throughour the building were used to map
the distribution of ®"Np in the building. The quantitative measurements were also made using high-
resolution gamma-ray measurement equipment. While spestra collected for the purpose of isotopic
mapping are collected as close as possible to the measured item to minimize the data collection time,
quantitative measurements must be made with the detector farther away from the measured item to reducs
geometrical effects of the distriburion of the deposit in the itam. More efficient low-resolution equipment

could not be used because the gamma rays from the Z'Np and *U in the deposits interfere with the 25U
measurement.

RESULTS

High-resolution zamma-ray spectra were collected at 266 locatians for isotopic mapping purposes. Spectra
taken early in the program indicated that the B-line vacuum balancers were likely places to find 'Np
concentrations. The vacuum balancers have relatively thin walls and are uniform throughout the whole
cascade exceprt for Stage 8 in each czll. Therefore, measurement of the equivalent vacuum balancer in
each cell gave a picturs of the distribution of the ®"Np in the cascade. As shown in Fig. 2, the vacuum
balancers are cvlindrical with a diameter of 31 in. and a height of 12 in. The convalutions which allow
for expansion are covered with a stesl boot. The diameter including the boot is 38 in. Figure 3 shows
the results in parts per million ™Np relative to the total uranium from the spectra of the Stage | vacuum
balancer in all 80 cells in the building. In addition, spectra were collected from the vacuurn balancers in
all the stages of Cells K-902-6-6 and K-902-6-10, The higher *™Np concentrations in these cells implies
that much of the reactor returns were fed to calls in Unit K-902-6. Evidencs of ®"Np was found in the
spectra collected in the reactor returns feed vaporization room and in the fesd lines coming from the fesd
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room. Some sections of the feed headers in the reactor returns feed .vaporimion room and the pipe

galleries were not accessible for isotopic mapping. Of the 264 specwra. 160 showed detectable quantities
of ¥'Np.

According to R. R. Redmond of the Health Physics Deparment. ransuranic refease limit for surfaces must
be followed for deposits if the ratia of the disintegration rate of the uranium to the disintegration rate of
the mansuranic component (e.g.. “’Np) of the deposit is less than 50. For airborne material, the
transuranic release limit is a uranium-to-transuranic -disintegration ratio of less than 300. The isatopic
mapping of Building K-33 found 13 depasits with a ratio of less than 50 and 55 deposits with a ratio of
less than 300. Most of the deposits with significant uranjum-t0-""Np disintegrarion ratios were either
reactor returns feed lines or B-line vacuum balancers. All of the deposits with ratios less than 85 were
quantitarively measured with the excsption of one deposit in the area of the Unit 3 to Unit § crossover.
Four vacuum balancers 2nd an evacuation line crossover with ratios between 85 and 300 were measured,
and thres vacuum balancers with large uranium deposits but ratios higher than 300 were measured. While
time did not allow for measurement of all items with ratios less than 300, as many as possible were
measured in the time available.

Table | summarizes the results of the quantitative measurements on 14 B-line vacuum balancers.
Estimated quantities are given in grams for the uranium and ®'U and milligrams for ®"Np. -Table 2
summarizes the results of the quantitative measurements on the fead headers and other pipes. Figures 4
and 3 illustrate the location of the quantitatively measured deposits in the A and B fesd headers. (The
figures are not o scale.) Ar one location, the A and C fesd headers were too close together to be
measured separately, but most of the deposit appeared from scanning dara to be in the A fe=d header. An
estimated total of about 750 mg Z"Np was found in all of the deposits measured. In addition, traces of
%"™Np were indicated in two compressors and six coaverters in Units K-902:4, K-902-6, and K-902-8. The
urznium-to-2"Np disintezration ratio in the compressar in K-302-6-10-7 is estimated to be 122. Time did
not permit a complete survey of all compressors and converters. Indicarions of ®”Np were found in both
coolers for the evacuation booster station. Extrapoladng over the eatire building gives an estimared
maximum of betwesn | and 2 g ®"Np remaining in Building K-33. '

Nec indication of plutonium has been found in any of the 266 spectra collected in Building K-33.

CONCLUSIONS AND RECOMMENDATIONS
Conclusions drawn from the isotopic mapping are as follows:

1. Concantrations of ¥"Np are greatest in the fesd lines both in the fesd vaporizarion room and in the
pipe gallery on the cell floar above the fezd vaporization room.

Within the cascade. ®"Np concantrarions are highest near the feed paints. with deposits of ="Np
preseat in all of the 640 stages in Building K-33.

The compressor B-line vacuum balancers contain the highest concentrations of ®'Np in the building
outside the fesd lines, but the mass of the deposits is small.

T'Np is also present in the evacuation boaster stations and some of the evacuation piping.

No “*Np was detected in the seal exhaust piping, the chemical wap area, or the cold recovery area.
Measurements of the two cobalt difluoride traps and the piping in the map preheater room indicaced
the presencs of uranium bur did not detect ®"Np, although deposits of “’Np were found in the fesd
line piping immediately downstream from the raps. Therefore. the cobalt difluoride wapping facilities

!J
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in the reactor retums feed vaparization room apparently were ineffective in remaving “"Np from the
feed stream. )

The quantitative results support the assumption that most of the *"Np was removed from the cascade when
converters and compressors were replaced during the cascade improvement programs. Although the
_ quantities are small, high concentrations of “"Np still remain in the reactor returns feed lines in the feed
vaporization room and in the feed line piping going to the czll floar. The B fead line leaving the feed
vaporization room contains mare than 80% of the ®Np found in this survey. Milligram quantities of |
37Np are found in the B-line vacuum balancers in almost all of the 640 stages in Building K-33. Previous
experience’ indicates that small quantities of ®"Np below measurable limits can be expected as a thin layer
of dust spread on the inner surfaces of piping and equipment throughout the entire building. Since the
S7Np was detected throughout the entire K-33 building, it is reasonable to assume that some *’Np may
have moved 1o Building K-31. Some measurements should be performed in K-31 to determine if mN;:;
is present in large encugh concentration to require a complete survey of the building. Buildings K-131
and K-1131, which were used as feed buildings, and Building K-1410, which at one time was used to
coavert reactor retums oxide to hexafluoride, should be surveyed for the presence of ®*Np. If Z'Np is
found in any of these buildings, the tie lines from these buildings to the cascade should also be surveyed.
All UF, cylinders which were used for wtansfer of reactor returns have the potential for large
concenwmations of ®"Np, because as much as 75% of the "Np of the reactor returns was not transferred
to the cascade. Building K-1420is currently being surveyed by the NDA Department. Preliminary data
indicate that the cylinder wash starion in K-1420 has a significant concentration of ®’Np. ®"Np was found
in the autociave area of Building K-1425 when it was surveyed in 1991.*
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USNp | ™U | Uranium | Np
Location (dps ratio) | (g) . (g) (mg)
K-902-1-9-1 -} 1,347.8 | 53 913 | 03"
K-902-2:8-1 1438 | 2.1 388 13
K90229-1 | 11974 | 68 | 1224 | a5
K-902-5-1-1 || 14264 | 88 | L0138 | 04
K-902-6-2-1 159 | 07 5 | 05
K-902-6-4-1 318 | 02 20 | 03
K-502-6-6-1 461 | 05 s8 | o6
K-902-6-6-3 674 | 13 136 | 10
K-502-6-7-1 1576 | 12 138 0.4
K-902-6-3-1 1296 | s 159 | o5
K-902-6-10-1 558 | 03 60 | 06
K-902-6-10-3 g28 | 09 ot | o6
K-902-6-10-5 383 | 06 n | o4
K-902-6-10-7 s | ol 3 | o6
. {303 | 4374 | s

Total

September 8. 993

Table 1. Results of NDA ®™Np Survey of B-Line Vacuum Balancers
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Table 2. Results of NDA “"™Np Survey of Piping in Building K-33
—— e ——— - ——————T -
Diameter | Length Figure Locauon U:7™Np »y Uranium *Np
Location Descripuon (in.) tin.) Number* | of Deposit (dps rada) | (2) {2) (mg)
Vergeal Duct | A and C Fezd $ 43 4 | 1K 79 | ' ss8 39
fram Feed Header
Room to Pipe
Gallery B Feed Header 4 48 4 1 0.7 0.7 17 8
(Top)
B Fesd Header 4 9% 4 3 0.6 PA 322 36
(Bodom) :
Pipe Gallery A Fezd Header 4 2 L] 4 318 9.1 1251 20
nexr ,
Crossover K} 43 s 5 s i1 517 3
between
Unns & and § 4 9 5 ; 133 1.7 % 14
B Fecd Header 4 36 5 7 41 12 a7 e
K 9 5 3 7 43 547 104
K} 74 s 9 4.1 49 436 bx
4 9 5 10 2.7 14 347 6
Reactor Remums 3 43 - - 623 2.6 "4 k]
Tie Line . ’
Evacuanon Line 12 326 - - alaz 34.3 1.528 13
Crossover
Reactar Lines in Lower 4 43 - - 56 1.8 130 16
Rerums Fezd Duct
Vaporizauon .
Roont Lines Leaving 4 43 - - 63.3 37 379 3
CoF, Traps ’ i
[ Total . . . . - 1015 | 13.468 738

* Refer to this figure for the location of the measured depasic
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